Activin: A novel player in tissue repair processes by Werner, S. et al.
Histol Histopathol (1 999) 14: 295-304 
http://www.ehu.es/histol-histopathol 
Histology and 
H istopat hology 
Invited Revie W 
Activin: A novel player in tissue repair processes 
G. Hubnerl, C. Alzheimer2 and S. Wernerl 
'Max-Planck-lnstitut fiir Biochemie, Martinsried, Germany and 2Physiologisches lnstitut der Universitat, Munchen, Germany 
Summary. Recent studies have demonstrated a strong 
expression of activin in repair processes of various 
tissues and organs, including the skin, the lung, the 
intestine, the cardiovascular system, and even the brain. 
Although little is as yet known about the function of 
activin in tissue repair, first results suggest a role of 
activin in epithelia1 differentiation, fibroblast 
proliferation and expression of matrix molecules by 
these cells, and also in neuroprotection. Whereas a 
transient overexpression of activin after tissue injury 
might be beneficial for the repair process, sustained 
expression of activin could lead to fibrotic processes. 
Therefore, the modulation of the availability or 
biological activity of activin could be of particular 
importance for the treatment of impaired tissue repair on 
the one hand and tissue fibrosis on the other hand. 
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Introduction 
The members of the transforming growth factor B 
(TGF-B) superfamily are known to be involved in the 
control of cellular proliferation, differentiation and 
metabolism (for review see MassaguC, 1990; Kingsley, 
1994). Therefore, they play a key role during embryonic 
development and in tissue repair processes. This has 
been demonstrated in detail for the transforming growth 
factors Bl,B2, and B3 (for review see Roberts and Sporn, 
1996). In addition, a series of studies has provided 
evidence for the involvement of other members of the 
TGF-B superfamily - bone morphogenetic proteins, 
activins, and inhibins - in embryonic development. By 
contrast, little is known about the role of these members 
in tissue repair processes. The injury response resembles 
basic patterns of embryonic development, in that certain 
molecules which are expressed in development of a 
particular tissue or organ are reexpressed or upregulated 
after tissue injury. Since activins are known to be widely 
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expressed during embryonic development, and are 
involved in early mesoderm induction as well as in organ 
formation (for review see  Ying et al., 1997), we 
speculated on a possible role of activin in wound repair. 
Like the other members of the TGF-I3 superfamily, 
activins are dimeric  proteins consisting of two 
disulphide-linked BA and 13B subunits. Homomers 
(activin A: DABA; activin B: BBBB) as well as heteromers 
(activin AB: BABB) composed of these B-chains have 
been identified in vitro and in vivo (for review see Vale 
et al., 1990). The closely related B-chains can also form 
dimers with a more distantly related a-chain generating 
inhibin A (anA) and inhibin B (anB). In some systems 
activins and inhibins act as functional antagonists (Ling 
et al., 1986; Vale et al., 1986). Additional isoforms may 
arise from the recently cloned BC-, BD-, and BE-chains 
(Hotten et al., 1995; Oda et al., 1995; Fang et al., 
1996). 
Cellular responses to activin are mediated by a 
heteromeric receptor complex composed of two different 
types of transmembrane receptors with intracellular 
serinelthreonine kinase activity (for review see 
Massague, 1996). Activin type I1 receptors (ARII, 
ARIIB) are constitutively active kinases and - after 
recruitment of the ligand - they phosphorylate a type I 
receptor (ARI, ARIB) which then mediates signal 
transduction (Wrana et al., 1994; Attisano et al., 1996). 
Follistatin, a soluble activin binding protein unrelated to 
the activin receptors, presumably inhibits activin 
function after binding (de Winter et al., 1996; for review 
see Mather, 1996). 
Activins and activin binding proteins have been 
localized in various organs during embryonic 
development of mammals (Roberts et al., 1991; Feijen et 
al., 1994; Roberts and Barth, 1994; Verschueren et al., 
1995; Harkness and Baird, 1997). However, expression 
of the ligands is significantly downregulated in most of 
these tissues after completion of development. A series 
of recent studies from our laboratories has demonstrated 
a significant reexpression of activin after injury of adult 
tissue (Hiibner et al., 1996a, 1997; Tretter et al., 1996). 
These results strongly indicate a novel and important 
role of activin in tissue repair processes, and these data 
will be summarized in our review. 









